This paper examines the consequences of rapid disinflation for downward wage rigidities in two emerging countries, Brazil and Uruguay, relying on high quality matched employeremployee administrative data. Downward nominal wage rigidities are more important in Uruguay, while wage indexation is dominant in Brazil. Two regime changes are observed during the sample period, 1995-2004: (i) in Uruguay wage indexation declines, while workers' resistance to nominal wage cuts becomes more pronounced; and (ii) in Brazil, the introduction of inflation targeting by the Central Bank in 1999 shifts the focal point of wage negotiations from changes in the minimum wage to expected inflation. These regime changes cast doubts on the notion that wage rigidity is structural in the sense of Lucas (1976).
Introduction
The incidence and nature of downward wage rigidities varies markedly across countries.
In the US, an ample literature suggests that workers resist nominal wage cuts (e.g. Kahn (1997) , Altonji and Devereux (2000) and Lebow et al. (2003) ). In contrast, downward nominal wage rigidities (DNWR) are lower in Europe, where real rigidities, introduced through different forms of explicit or implicit indexation of wages to prices, appear to be more relevant (Dickens et al., 2007) .
An important aspect that has not been addressed in the empirical micro literature is whether downward wage rigidities represent a structural feature of the economy, in the sense of Lucas (1976) . Gordon (1996) and Mankiw (1996) , in their discussion of Akerlof et al. (1996) argue that the wage setting behavior of workers and firms is likely to change in response to changes in the macroeconomic environment. In particular, workers facing long periods of low inflation or price stability may get used to reductions in nominal wages, and hence offer less resistance to nominal cuts. A similar argument, in the context of the extent of wage-price indexation, is put forward by Bernanke (2004) , who claims that explicit or implicit indexation clauses should ultimately depend on the monetary policy regime.
Previous empirical evidence suggests that wage rigidities are highly persistent within countries. Goette et al. (2007) show that workers' resistance to nominal wage cuts remains persistently high in Switzerland, in spite of a prolonged period of very low inflation. Studies by Barwell and Schweitzer (2007) in the UK, Bauer et al. (2007) in Germany, and Devicienti et al. (2007) in Italy show that real rigidities are more important than workers' resistance of nominal wage cuts in Europe. Moreover, the incidence of downward real wage rigidity in the three countries changes little over time.
Hence, it is not surprising that macro models featuring nominal wage rigidities and partial indexation clauses (e.g., Christiano et al. (2005) , Smets and Wouters (2007) ) treat these parameters as fixed, independent of the macro and policy framework. However, previous empirical evidence may not be the best suited to study the question at hand; i.e., whether wage setting patterns vary with the macroeconomic environment. The macro and policy environment in the countries and periods previously studied were relatively stable, offering little variation to identify the impacts on wage setting of macro and policy changes.
This paper contributes to this debate by documenting the case of two countries in which the intensity of downward nominal wage rigidity and the indexation of nominal wages has varied dramatically with the economic and institutional environment. We study two middle-income countries, Brazil and Uruguay, both of which successfully reduced inflation after the introduction of stabilization policies in the 1990s -moving from three-digit levels (four, in Brazil) in the first years of the stabilization effort to one-digit levels by the end of the decade (see figure 1 ). Our period of analysis begins in the transition years -1995 in Brazil and 1996 in Uruguay. The movement from a high and volatile inflation environment to a low inflation regime allows us to assess how the structural features of wage setting changed with the macroeconomic environment.
While the two countries both experienced a transition in their rates of inflation, they differ in several institutional dimensions that render a comparative study interesting, and may turn out to be important for the prevalence of different types of rigidities.
Regarding the monetary policy framework, Uruguay is characterized during most of the sample period by a system of exchange rate anchor, and then, after the crisis of 2002, by moving towards a flexible exchange rate regime coupled with overall price stability within a target rate. In Brazil, by contrast, there is a sharp regime shift during the period, with the adoption of inflation targeting in 1999. Two differences in the labor market institutions of the two countries are also important. First, unions in Uruguay steadily lose power while firm level bargaining gain weight dramatically during the sample period; while in Brazil union coverage remains fairly high and stable. Second, minimum wages in Uruguay are not binding, whereas in Brazil, workers earning a minimum wage represent 6.9 percent of the formal labor force in our sample. In most Latin American countries, however, changes in the minimum wage tend to be used as a signal for wage bargaining across all sectors (Maloney and Mendez, 2004) . In this respect, such changes might be an important source of indexation in Brazil. This paper also contributes to an understanding of the evolution of wage rigidities in micro-data for emerging countries, a topic that has received very little attention in the literature. 1 We rely on high-quality matched employer-employee data from administrative records in Brazil and Uruguay, which allows us to obtain accurate measures of wages and to properly track worker mobility. The analysis is carried out using the maximum likelihood estimator first proposed by Altonji and Devereux (2000) , and extended to consider DRWR by Goette et al. (2007) . The estimator relies on a model of wage changes that jointly estimates the relevant parameters governing the process of DNWR and wage indexation. Importantly, the price index underlying the indexation process is endogenously determined by the model and allowed to be heterogeneous across workers.
This permits ex-post evaluation of the relationship between this price index and different prices in the economy, which is crucial for understanding the sources of indexation. The model also allows for errors in the measurement of wages. This is potentially important, since measurement error in wage data has been shown to be an source of downward bias in studies of DNWR (Gottschalk, 2005) .
Our results indicate that Brazil and Uruguay present substantial differences in the nature of wage rigidities, and in their reaction to changes in the macroeconomic and institutional environment. In the private formal sector of Uruguay, the pegging of individual nominal wage growth to the rate of inflation falls dramatically over the sample period. Downward real wage rigidity affects on average 75 percent of the workforce in the period 1996-1999, reducing to a fairly stable 7 percent for the rest of the sample period (1999) (2000) (2001) (2002) (2003) (2004) . In parallel, the fraction of workers subject to DNWR increases from around 13 percent in the first three years to an average of 66 percent in the second part of the sample. Hence, disinflation is associated with a sharp movement away from wage indexation. However, this process does not lead the way to a frictionless wage setting regime. Instead, worker resistance to nominal wage cuts arises.
In contrast with Uruguay, the incidence of wage indexation in Brazil is fairly high and stable, affecting on average 43 percent of the workforce. There is, however, an important 1 A notable exception is Castellanos et al. (2004) , who study downward nominal wage rigidity and indexation to the minimum wage in Mexico. Our paper differs from this study in three aspects. First, we allow for the presence of measurement errors in the estimation, an aspect that has received considerable attention in the literature in the last few years. Second, we do not impose wage indexation to follow a pre-determined price index. Instead, the price index considered in wage negotiations is allowed to be heterogeneous across agents, and is endogenously determined. Finally, our model is estimated year by year in order to track changes in the distribution of wage changes over time. regime shift underway in Brazil, and this change is related to the price index to which nominal wages are indexed. During the first years of the sample, up to 1999, the price index to which wages are indexed is the change in the minimum wage. Subsequently, and coincident with the introduction of inflation targeting in 1999, the price index that represents the focal point of wage negotiations moves away from the minimum wage and becomes closely related to the evolution inflation. Interestingly, the variance of this price index across agents also increases after 1999 -a feature that is consistent with the index being an indicator of inflation expectations.
The results in this paper are related to two recent macro studies. In the context of price setting, Benati (2008) shows that the rate of inflation persistence in different countries and time periods varies with the monetary policy regime, while Hofmann et al. (2010) show similar time variation in US wage dynamics. These two papers offer compelling time series evidence that challenges the notion that the persistence of inflation, or wage indexation to past inflation, are intrinsic to the deep structure of the economy, and invariant to changes in the monetary regime. Our work is a first attempt to examine the stability of downward nominal and real wage rigidities in an environment subject to policy changes and rapid macroeconomic stabilization. To this end, relying on matched establishment-worker data constitutes a great advantage. A general problem with the aggregation in macro series is that it assumes that the evolution of wage rigidities is the same for all establishments or groups of individuals. However, agents with different characteristics are likely to react differently to macro and policy changes. Some of these are subtle changes. For instance, our results for Brazil show that after the introduction of inflation targeting some agents appear to start negotiating wage changes as a function of expected inflation, while others remain pegged to changes in the minimum wage. Understanding the evolution of the focal point of wage negotiations is important for the design of monetary policy, and to guide the need for possible structural reforms in the labor market. However, these changes may be blurred by aggregation at the macro level. The use of micro data instead allows us to examine time-varying worker and establishment heterogeneity in wage setting.
The rest of the paper is organized as follows. Section 2 describes the data sets used and presents wage change histograms for selected years, discussing their main features and why they are suggestive of different types of rigidities. Section 3 discusses the methodology used to deal with measurement errors and the joint estimation of the different types of rigidity. Section 4 presents the main results of the paper. In section 5
we extend the analysis of the incidence of wage rigidities to differentiate across worker and firm characteristics. Section 6 concludes.
Data

Data sources and sample selection
We use annual administrative employer-employee matched data from Brazil (1995 Brazil ( -2002 and Uruguay (1996 Uruguay ( -2004 . The main difference between the two data sets is that while the former is comprehensive, including information for the universe of workers in the formal sector in Brazil, the latter provides us with information on a random sample of workers in Uruguay's formal sector.
Our data source for Brazil is the labor market census RAIS (Relação Annual de Informações Sociais), an administrative data set collected annually by the Brazilian Labor Ministry. By Brazilian law, all employers in the formal sector must report detailed information for all their workers to RAIS every year. RAIS includes information about workers (sex, age, education) and their jobs (type of contract, occupation, average monthly wage earned during the year, wage earned in December, and the amount of hours usually worked per week), as well as some characteristics of the establishment (sector, region, municipality). Importantly, RAIS also provides firm, establishment, and worker identifiers which, together with the dates of admission and separation, allow us to accurately identify year-to-year job stayers.
We restrict our Brazilian sample to the state of Minas Gerais. We do so for two reasons. First, using the whole RAIS sample, which is huge, would make data handling impracticable. Second, we have confirmed, using representative survey data, that Minas Gerais is well suited to represent the Brazilian economy. In particular, our tabulations, based on the Brazilian Labor Force Survey "Pesquisa Mensal de Emprego" for our sample 6 years indicate that the shares of formal employment, gender, age, and industry distribution in Belo Horizonte (the capital of Minas Gerais) is very similar to those in other urban areas (see table 1). 2 Our Uruguayan data consist of social security records from the Banco de Previsión Social (BPS). After the 1995 social security reform, the BPS started keeping employer and employee administrative records on a monthly basis. We exploit a random sample of the BPS records, which, like the Brazilian RAIS, contains information on establishments (number of employees, sector, region), workers (age, sex) and their jobs (occupation, weekly hours of work, monthly wages). Establishments and workers are uniquely tracked by an individual identifier and an establishment identifier. Each job within a workerestablishment pair is uniquely identified as well, which allows us to track year-to-year job stayers who have been neither promoted nor demoted. This job identifier, however, is not available in the Brazilian RAIS, so for the sake of comparability in our empirical analysis we define stayers as workers who are continuously employed in the same establishment for a year or more. 3
Regarding the compensation measures used in our analysis, the Brazilian RAIS reports monthly wages earned in December, which include extraordinary additions, supplements and bonuses, tips and gratuities, commissions and fees, contracted premia, overtime compensation for contracted extra hours, and, in general, all forms of payment that are taxable income or are subject to Brazilian social security contributions.
The "thirteenth salary" -the special December payment that is made in some sectorsas well as severance payments for layoffs and indemnity payments are not considered wage components. Therefore, we construct a comparable monthly wage measure from Uruguay's BPS that excludes severance payments and the special December payment.
The number of hours worked per week is reported in both data sets. There are some differences, though, in the way hours are measured in each data set. The RAIS data 2 The Pesquisa Mensal de Emprego is representative of urban areas in 8 districts of Brazil. We restrict the comparison to Belo Horizonte, where, according to our data, 28 percent of formal employees in Minas Gerais are employed.
3 However, it is worth noting that our results are very similar when we exclude promoted or demoted employees from our Uruguayan sample of stayers. These resuls are available upon request from the authors.
reports contractual hours, while the BPS records actual hours worked during the week of reference.
Hourly wages in each data set are constructed using the compensation and hours worked in that data set. Note that none of our measures of hourly wages is, in principle, exempted from measurement errors. Since individuals' working time arrangements are not time invariant, even if they stay in the same job, some of the observed monthly wage changes will actually reflect changes in labor input. Computing hourly wages from RAIS will only partially mitigate this problem as long as changes in hours are reflected in the contract. The hourly wage measure in Uruguay might be more accurate, but variations in weekly hours of work throughout the month will result in measurement errors. In conclusion, even if our two data sources are less likely to be subject to measurement error than survey data, we cannot rule out the possibility of error. Hence, the model described in section 3 allows for the presence of measurement error in the estimation.
For both Brazil and Uruguay, we use the same sample selection criteria. First, we restrict our sample to full-time employees working in the private sector. Second, whenever individuals have more than one job, we always keep the observation with the highest paying job. Finally, our benchmark analysis of individual wage growth, which we define as the difference in log wages over a 12-month interval, is limited to job stayers, who are characterized by working in the same establishment in the same month in two adjacent years. These data restrictions leave 7 years of wage change observations in Brazil, containing between 857,589 and 1,200,120 individual cases, and 8 years in Uruguay, including between 68,494 and 97,721 individual wage changes.
Descriptive Evidence
In order to get an initial impression of the different types of rigidities that prevail under different inflation scenarios, we look in this section at individual wage change distributions from selected years (figures 2 and 3). In line with our previous discussion, we concentrate on the yearly nominal log-wage change distribution of private sector workers staying in the same job for two consecutive years. Each bin contains a one-percent variation in wages, and we have restricted nominal wage changes to be below 40 percent index wage contracts this year is the change in the minimum wage. Note also that there are no distortions associated with the rate of inflation. Quite surprisingly, we find very little zero wage changes, but the -1 bin shows a small spike. This concentration of tiny wage cuts is suggestive of measurement error.
We move next to the low-inflation years. Panel A of figure 3 shows the wage change distribution in Uruguay in 2000-2001, when inflation is at its low for the period (4.35 percent). The most striking feature with respect to the high-inflation year is the growth in the spike at zero, which now accounts for almost 25 percent of the wage change observations. As before, there is some concentration of observations around the rate of inflation, but to a much lesser extent than in 1997-1998. Panel B of figure 3 shows the 1999-2000 histogram in Brazil. As before, the change in the minimum wage is associated with a large spike, amounting to 14 percent of the wage changes. The novelty is that there appears to be a second distortion in the positive wage change range, this time associated with the rate of inflation. This could indicate that as inflation comes down, some agents start indexing their wages to expected inflation.
In sum, visual inspection of the wage change histograms suggests an important presence of downward rigidities and indexation in both countries in all years. However, obtaining precise measures of downward wage rigidities is complicated because of the presence of measurement error in the data and the existence of different focal points for wage indexation. The next section presents a model that deals with these two features and provides us with clean measures of DNWR and the extent of wage indexation.
Methodology
There are different approaches in the literature to estimating rigidities from individual data. Focusing on job stayers between two consecutive years, a number of studies draw inferences about rigidities based on asymmetries in the wage change distribution (see, e.g., Card and Hyslop (1997) and Dickens et al. (2007) ). A second group of estimates is based on the assumption that, in the absence of changes in the extent of rigidity, the shape of the wage change distribution is constant over time. 4 A problem with these methods is that they do not directly take into account the impact of measurement errors.
An alternative is first proposed by Altonji and Devereux (2000) , who develop a wagesetting model in which the structural parameters of DNWR and measurement errors are jointly estimated via maximum likelihood. This methodology has been extended by Goette et al. (2007) to consider downward real wage rigidities (DRWR) or the resistance of nominal wages to falling below an estimated positive threshold, , and has been applied in the UK by Barwell and Schweitzer (2007) , in Germany by Bauer et al. (2007) , and in Italy by Devicienti et al. (2007) . In what follows we present a brief description of the main elements of this model.
Each individual wage change observation can belong to one of three regimes: a regime subject to DNWR, a regime subject to wage indexation or DRWR, and a regime in which wages are fully flexible. 5 In the model we allow for the possibility (although this is not imposed) that observed wage changes are distorted by measurement error. Define ∆y * it as the notional wage change distribution at time t, corresponding to wage changes between t and t − 1. The notional is the distribution that would prevail if all wages were fully flexible and there were no measurement errors. Then, the notional wage change for a random draw i from the population can be modelled as a function of observable characteristics, as follows:
, where x it−1 is a vector of individual and job characteristics in the base year, and the error term ε it is assumed to be normally distributed. The problem is that we do not observe this notional wage change. Rather than observing ∆y * it , we observe a wage change distribution that is potentially distorted by both measurement errors and downward wage rigidities. We refer to this distribution as the observed (∆y o it ), and we detail below how it relates to ∆y * it .
As we stated, the first difference between observed and notional wage changes is due to measurement error. The population measurement error is defined as the difference between the observed value, ∆y o it , and the actual value, ∆y it . Hence, ∆e it = ∆y o it − ∆y it , where e it is modeled as a normally distributed shock to wage levels. However, not all observations are subject to measurement error. We assume that with probability q t wages are correctly measured, and with probability 1 − q t , they are measured with error.
The second difference between observed and notional wage changes is due to the presence of rigidities in wage setting. Wage changes for the proportion of individuals subject to DNWR, denoted by p N t , will be governed by:
Thus, for those individuals subject to DNWR, the observed wage change will coincide with the notional wage change plus some measurement error only when the programmed wage increase is above zero. Had the flexible wage change been negative, the worker would receive a wage freeze, and the observed wage change would only differ from zero if wages were measured with errors.
Similarly, the observed wage changes of the fraction of individuals prone to DRWR, denoted by p R t , will instead be given by:
, where a straightforward interpretation (but not the only one) of r it is that it represents individual-specific inflation expectations. Note that, in contrast with DNWR, the focal point for wage indexation is individual specific (r i ). In the empirical implementation of the model, we will assume that r it is i.i.d. normal and will allow its mean and variance to vary over time.
As for the fraction of flexible individuals, denoted by 1 − p N t − p R t , their actual wage changes, ∆y it , are equal to the notional wage changes, ∆y * it . Differences between observed and notional wage changes are allowed if measurement error is present:
It is worth stressing once more that measurement error is not forced onto the data.
Assuming that ∆e it is normally distributed with a positive variance in the population would imply that the probability of a firm correctly reporting individual wages would be zero, a feature most likely inconsistent with the nature of our data. Instead, our assumption that a fraction, q t , of the wages, is measured without error allows us to examine the relative importance of this feature in the two data sets we study.
Under these assumptions, the likelihood of each observation is calculated and all parameters are estimated by maximum likelihood. Intuitively, the estimator uses the local asymmetries in the wage change distributions that we have discussed in the descriptive section in order to identify DNWR and DNWR. However, instead of identifying them unconditionally, by, for example, visually inspecting the previous histograms, the estimator exploits the asymmetries in wage changes conditional on individual and job characteristics. As for the identification of potential measurement error, the estimator has two main features that help assess its relevance. First, since measurement error is expected to follow a continuous distribution, its presence is less likely when the size of the spike at zero is large. Second, since measurement error is expected to displace actual wage freezes, we should observe excess probability mass around zero and relatively smooth asymmetries in other parts of the wage change distribution when measurement error is important.
It is important to note that not all forms of measurement error will necessarily result in an underestimation of DNWR. Most notably, in the presence of rounding errors, wage freezes would actually be over-represented and not the opposite. For example, Smith (2000) uses data from the British Household Panel Survey (BHPS) and finds that self-reported reported wage freezes between two consecutive years are less likely to happen when individuals double check their pay slip before reporting wages. As a consequence, measurement of DNWR in the BHPS which does not take into account rounding errors would tend to over-estimate rigidities. We believe our data are unlikely to suffer from rounding errors since wage information is directly extracted from firms'
individual pay records. In the case of Uruguay, the BPS data determine individual access to pension, health, and other benefits. Hence, it is in the worker's interest that all information is accurately reported by the firm. Moreover, the data are thoroughly checked by government officials. In the case of Brazil, wages are also directly extracted from company records and wage information is requested to the level of centavos (cents).
On average, 75 percent of our wage observations include the cents paid. Goette et al. (2007) note that their estimator may encounter identification problems when inflation is very low, since in that case, DNWR and DRWR are very close in the wage change distribution and are therefore hard to distinguish. We are rarely constrained by this issue and are therefore generally able to obtain accurate estimates because, even in the periods with lowest inflation in Brazil and Uruguay, the inflation rate was relatively high with respect to OECD countries previously studied. Also, and in contrast with previous studies, the rate of inflation observed during the period of study in both Uruguay and Brazil is fairly volatile. It is for this reason that we separately estimate our model
year by year. This allows for a flexible specification, wherein both, the parameters of the notional and the different rigidity regimes may vary across years. A potential limitation of our analysis is that it does not consider the possibility of symmetric rigidities; for instance, those associated with the menu costs of changing wages. Our assumption is justified by the analysis of Dickens et al. (2008) , who examines individual wage change distributions among job stayers in 17 OECD countries and finds no evidence of menu costs in wage setting. Given the inflation history of the two countries we are studying and the high volatility of inflation during the sample period we believe that menu costs are even less likely to be relevant in our case.
Main Results
Empirical implementation
In this section, we discuss some relevant details regarding the empirical implementation of the model and provide a first assessment of its functioning. We estimate an individual wage change model and the corresponding rigidity parameters year by year. It is important to note that, after applying the sample restrictions discussed in section 2, we do not eliminate any outliers from the sample, neither in wage levels nor in changes. We let our model of measurement error deal with this problem.
The set of covariates used to estimate the notional wage change distribution varies in the two countries, reflecting differences in data availability. The Brazilian data are more comprehensive and allow us to control for gender, age, tenure and their quadratic terms, educational attainment, occupation and sector of operation, establishment size, type of labor contract, and location of the firm (in Belo Horizonte or outside the state capital).
In the case of Uruguay, we control for gender, age, tenure and their quadratic terms, sector of operation, white or blue collar status, establishment size, and the location of the firm (in Montevideo vs. the rest of the country). Table 3 shows the median and standard deviations of the observed and estimated distributions in every
year. With very few exceptions, the model fit is very close to the actual summary statistics. We pin down the median and standard deviations with a precision up to the second decimal.
Tables 4 
DNWR and DRWR
We begin the discussion of our main results by assessing the impact of measurement error on the shares of nominal wage freezes and cuts. In line with our expectations, the share of wage cuts declines and the share of wage freezes increases after measurement errors have been dealt with, as the comparisons plotted in Figures 5 and 6 show for Uruguay and Brazil, respectively. The average share of wage cuts in the data is quite large: 16 percent in Uruguay and 18 percent in Brazil. However, these shares are almost halved, to 9 percent in Uruguay and 10 percent in Brazil, when measurement error has been taken into account. Over time, the share of wage cuts gradually increases in Uruguay (figure 5), in accordance with the disinflation process. However, the increase in wage cuts in Uruguay should not necessarily be interpreted as a sign of increased wage flexibility, inasmuch as wage freezes also rise over the same period -a feature consistent with growing importance of downward nominal wage rigidities. In the data, wage freezes move from 3.6 percent in 1996-1997 to 25 percent in 2002-2003 . The raise is even more dramatic after measurement error has been accounted for, moving from 4.4 percent to 31 percent within the same period. In contrast with the case of Uruguay, we do not observe a clear pattern in the time evolution of wage cuts and freezes in Brazil (figure 6).
The incidence of the two rigidity regimes in Uruguay clearly illustrates that the macroeconomic environment plays a crucial role in the determination of wage rigidities, as highlighted by a clear regime shift in 1999-2000 ( figure 7 ). In the fist years of our sample period, DRWR is very important, most likely as a result of a recent history of high inflation and widespread indexation in labor contracts. The share of workers in the real rigidity regime p R is 72 percent in 1996-1997 and 88 percent in 1997-1998. As inflation goes down, however, real rigidity rapidly declines. In 1998-1999, the share of workers subject to the real rigidity regime is 65 percent; this plummets to 12 percent the next year, and remains relatively stable below 8 percent, for the remainder of the period.
The shift away from DRWR as inflation declines in Uruguay is accompanied by a sharp rise in DNWR. During the first two years of wage changes, DNWR is very low according to our estimates: the fraction of workers subject to DNWR is just 12 percent.
After a mild increase in 1998-1999, DNWR jumps to a new equilibrium in 1999-2000, when the share of workers subject to DNWR stabilizes at around 65 for the remainder of the period. However, the relationship between the two types of rigidities and inflation is more complex than one might initially suspect. When inflation peaks again in 2001-2002 and 2002-2003 , the share of workers subject to DRWR remains low, while DNWR is still binding for a majority of the labor force (p N 2001−2002 = 62% and p N 2002−2003 = 78%). Note that this is the same period in which the share of both wage cuts and freezes grows sharply in Uruguay. The rationale for this behavior must be found in the severe recession in Uruguay during these years. Uruguay enters into a long recession in 1998Q4 which reaches its trough in 2002Q3, after a temporary upswing between 2000Q2 and 2001Q3. 7 In 2002, the severe crisis that affected the economy forced the central bank to let the exchange rate float freely, putting an end to the use of the exchange rate as a nominal anchor. Hence, even in the presence of high inflation during these years, firms are in need of downward wage adjustments. Perhaps more importantly, 2003-2004 is a year of very strong recovery in economic activity (real GDP growth is 12 percent) and relatively high inflation (9 percent 
Monetary Policy Regime and the Indexation of Wages
The stability of wage indexation in Brazil hides an important regime change. Figure 8 shows the evolution of our estimated focal point of DRWR (r it ) and its variance, together with the CPI inflation rate and the increase in the minimum wage. In the first years of our sample period r i traces the increase in the minimum wage almost perfectly. The The contrast in the focal point of wage negotiations between the two countries illustrates two approaches to dealing with the considerable uncertainty associated with a fairly high and volatile inflation environment. In Brazil, during the years that followed the stabilization plan, the great uncertainty regarding inflation arguably forced agents to index wages to changes in the minimum wage. The introduction of a credible inflation target in 1999 had a clear anchoring effect. Some agents changed their focus in the wage negotiations to expected inflation. The credibility of the target rate can be seen by the progressive narrowing of the bands around r i . In Uruguay, the stabilization plan is introduced earlier, in 1991, and is followed by a gradual but steady reduction in inflation, although inflation remains fairly volatile during the sample period. Not having a meaningful price index to which to anchor their expectations, economic agents index 19 their wages to their forecast of inflation, which are fairly disperse.
Worker and Firm Heterogeneity
Wage setting theories provide different predictions regarding the expected incidence of wage rigidity across types of workers and firms. In this section, we examine how the estimated individual probabilities of being subject to each type of rigidity vary with worker and firm characteristics, in an attempt to shed some further light on the functioning of labor markets in the two countries.
Brief Theoretical Discussion
Efficiency wage considerations of various kinds have been put forward to explain why firms might be reluctant to cut wages. If wage rigidities arise in order to limit worker shirking behavior (Shapiro and Stiglitz, 1984) , or as a result of a firm's gift in exchange for higher worker effort (Akerlof and Yellen, 1990) , the wages of a firm's core workers should be more protected from nominal or real wage cuts. Since the effort of white collar workers is both more difficult to monitor and most likely of higher importance for the productivity of the firm, these theories predict that the wages of white collar workers should be more rigid. An additional prediction of the shirking model is that wages would tend to be more rigid in larger firms, where monitoring is more costly. A similar prediction of higher rigidity for white collar workers would be obtained if efficiency wages are paid in order to detract from costly turnover (Stiglitz, 1974) , as white collar workers are more difficult and expensive to replace. Additionally, this model would predict wage rigidity to be higher among younger workers, as their turnover rate tends to be higher. Insider-outsider theories (Lindbeck and Snower, 1986 ) also predict higher wage rigidity for white collars, but in contrast with the turnover model, these theories predict more rigidity for older, prime-aged workers. Additionally, wage rigidity should be higher among workers with permanent contracts and workers with higher tenure, as they represent the primary workforce. A similar prediction would be obtained regarding tenure if tenure were a proxy for firm-specific human capital, which is costly to replace. 20
Measurement: The Individual Incidence of Rigidities
Our model classifies individuals as belonging to one of three different regimes: DNWR, DRWR or flexible wages. Having discussed, in the previous section, the estimated shares of individuals in the two rigidity regimes throughout our sample period, we now discuss now the actual incidence of DNWR and DRWR, which depends on individual characteristics and the macroeconomic environment that governs wage setting. Intuitively, in a high-growth environment DNWR is less likely to be binding; i.e., firms are expected to require fewer wage cuts, so even those workers who are potentially subject to DNWR p N are likely to receive wage increases in accordance with their notional wage growth.
Similarly, even if highly productive individuals belong to the DNWR regime, the probability of this regime being binding, i.e., the probability that their notional wage change falls below 0, should be low.
Denoting the macroeconomic environment by M t and a set of observable worker and firm characteristics by X it , we can define p N it (X it , M t ) and p R it (X it , M t ) as the individual probabilities of being subject to DNWR and DRWR, respectively in year t:
Our purpose is to describe the differences across types of workers and firms in their exposure to both types of rigidities, not to estimate underlying parameters of the models discussed above. Since some of these characteristics are correlated among one another, we prefer to present differences conditional on covariates rather than simpler differences in means. Our estimated models include all the covariates used to estimate the notional wage distribution, as described in section 4.1, and two additional sets of dummy variables.
Since we now pool all years in the estimation, we include time dummies to capture any macroeconomic effects associated with wage rigidities. Additionally, we include four indicator variables to capture the quartile distribution of worker wage levels on in the base year. Note that DNWR is, in principle, related to the expected wage growth of individuals, but not their wage levels. In contrast, to the extent that DRWR is related to increases in the minimum wage, as seems to be the case in the first years of the sample in Brazil, its effects are expected to be more visible for low-earning workers.
However, wage indexation associated with the minimum wage often extends beyond those workers strictly earning the minimum -the so-called numeraire effect (Cunningham, 2007) . Moreover, both DNWR and DRWR associated with price changes are more likely to be binding for high-wage workers if insider-outsider mechanisms are at play.
Results
Tables 6 and 7 show OLS regressions of the probability of being subject to each type of rigidity as a function of worker and firm characteristics in Uruguay and Brazil, respectively. In both countries, wage rigidity rises with age and tenure at a decreasing rate, over the study period, as evidenced by the positive signs of the main effects and negative signs of the quadratic terms. Comparing a 50-year-old worker with a worker aged 25, the estimated probability of being subject to DNWR (DRWR) increases by 0.5pp (2pp) in Brazil, and by 0.7pp (2.7pp) in Uruguay. The estimated results for tenure are similar across both types of rigidities in the two countries, suggesting a difference between a worker with 15 years of tenure in a firm and one with 5 years of tenure in the range from 0.9 to 1.6pp. Both of these features are in line with insider-outsider considerations. This evidence appears in contrast to previous evidence for the US, where in a survey of firm managers, Campbell and Kamlani (1997) find strong support for explanations of DNWR based on efficiency wage considerations and adverse selection, but little evidence in favor of the insider-outsider theory. Interestingly, gender, education, and type of contract seem to have little impact on the probability of being subject to either type of rigidity, as suggested by the small magnitude of the estimated coefficients. In Uruguay, white collar workers are more likely to be subject to DNWR, in line with most of the models discussed in this section. In contrast, occupational dummies in the case of Brazil have all very small effects.
There is a strong negative association between establishment size and the probability of being subject to either form of rigidity. In Uruguay, the smallest establishments present a probability of being subject to DRWR (DRWR) that is 6.7pp (11pp) larger than the 22 reference category (establishments with more than a 1,000 employees). In Brazil, size effects in the case of DNWR are of fairly small magnitude. In contrast, the likelihood that a worker's wage is subject to DRWR in the lowest size group is about 6.5pp lower than if that worker is employed in one of the largest firms in the sample. This evidence appears to be against shirking models of efficiency wages, but is in line with estimates of workers. An unconditional regression of the incidence of DRWR on the quartile dummies yields a highly significant and sizable negative association: workers whose wage level is in the fourth quartile have a probability of being subject to DRWR that is 3.6pp lower than workers earning wages in the first quartile. If we concentrate on the pre-1999 sample, the period where the focal point of DRWR coincides with the growth of the minimum wage, this difference increases to 5.8pp. As before, similar unconditional regressions show no observable differences in DNWR across wage quartiles.
In the case of Brazil, we take advantage of the fact that we observe every formal worker employed by each of the establishments in the census to repeat the estimation, controlling for establishment by time fixed effects. Hence, we are effectively comparing workers employed in the same firm and year to identify the effect of covariates on the incidence of each type of rigidity. This should take care of the possibility that some of our results may be driven by worker selection into different types of firms, depending on the degree of wage rigidity operating. The results, reported in table 8, are qualitatively similar to those previously discussed, which suggests that the differences across workers 23 highlighted here are not driven by worker sorting and firm heterogeneity.
Conclusions
Emerging countries have moved from high inflation regimes in the 1980s to relatively low and stable inflation rates since the second half of the 1990s. This paper assesses how this disinflation process has shaped wage setting in two of these emerging economies:
Brazil and Uruguay. This investigation is important from a policy perspective. The natural response of wage setters to high inflation regimes is wage indexation. This form of wage rigidity is likely to translate into inefficient allocations, as relative wages are not allowed to adjust to firms' productivity developments. These efficiency losses are, in turn, likely to result in lower levels of welfare and higher unemployment. Hence, from both a macro and labor economics perspective, it is important to know how downward real wage rigidities have evolved as inflation has fallen.
Measuring downward wage rigidities at the individual level imposes serious data requirements. In this paper, we have measured the incidence and nature of wage rigidities in Brazil and Uruguay using high quality administrative data, but it is still possible that measurement error might result in an underestimation of downward wage rigidities. Our model helps to deal with this possible bias by jointly estimating the parameters governing measurement error and the different types of rigidities we are considering. The model contrasts the individual wage changes observed in the data with a notional wage change, which is the wage change that would have prevailed in the absence of wage rigidities.
Importantly, we take advantage of the richness of our administrative data sets to estimate Our third finding is potentially important for the modelling of wage setting. We find that the nature of wage rigidities changes dramatically in response to changes in the macro and policy environment. Hence, the two cases we study challenge the view that wage rigidities in the labor market are structural in the sense of Lucas (1976) . Theories of wage rigidity based on insider-outsider considerations predict that the wages of blue collars, young workers and workers with lower tenure exhibit less rigidity than primary workers, who have greater bargaining power to exert against wage cuts.
Our results confirm these predictions and lend thus support to these theories. Note: The reference groups for establishment size and education are more than 1000 employees and tertiary education, respectively. Additional control variables are 9 sector dummies for Uruguay and 14 sector dummies and 9 occupation dummies for Brazil. Levels of statistical significance: *** denotes significance at the 1-percent level; ** at the 5-percent level; and * at the 10-percent level. ,199,888 Note:This table displays the mean wage changes in the observed (∆y i ) and notional (∆y * i ) distributions, the estimated focal point of DRWR (ri), the percentages of workers in the DRWR (p R ) and DWNR (p N ) regimes, the share of wage change observations observed without error (q ) and the number of observations (N) for each period. Note: The reference groups for establishment size and wage quartile are more than 1000 employees and quartile 4, respectively. Additional control variables are year dummies and 9 sector dummies. Levels of statistical significance: *** denotes significance at the 1-percent level; ** at the 5-percent level; and * at the 10-percent level. T-statistics are clustered by individual. Note: The reference groups for establishment size and education are more than 1000 employees and tertiary education, respectively. Additional control variables are year dummies, 14 sector dummies and 9 occupation dummies. Levels of statistical significance: *** denotes significance at the 1-percent level; ** at the 5-percent level; and * at the 10-percent level. Levels of statistical significance: *** denotes significance at the 1-percent level; ** at the 5-percent level; and * at the 10-percent level. T-statistics are clustered by individual. Note: The reference group for education is tertiary education. The regressions include establishment by year fixed effects. Additional control variables are 9 occupation dummies. Levels of statistical significance: *** denotes significance at the 1-percent level; ** at the 5-percent level; and * at the 10-percent level.
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